Abstract: Semi-purified diets were used to feed gilthead sea bream larvae as first food from mouth opening until day 17. Four diets were formulated on the basis of a previous one used as control (D1). Three experimental diets differed only by the lipids added. One diet contained n-3 highly unsaturated fatty acids (n-3 HUFA) plus arachidonic acid (D2), one diet n-3 HUFA without arachidonic acid (D3) and one diet without n-3 and n-6 HUFA (D4). The three experimental diets contained 18:3n-6 in order to follow the influence of dietary HUFAs on elongation-desaturation capacities. Larval growth and survival were similar with diet D1 and D2. Lowest growth and survival were observed for larvae fed the HUFA free diet D4. Larval survival but not growth was significantly decreased by lack of arachidonic acid in diet D3 compared to D2. Utilization of fatty acids by larvae was studied by comparing the fatty acid quantities per larva in initial (before feeding) and final samples. In larvae fed the HUFA-free diet D4, a significant increase of 20:3n-6 showed that some elongation from 18:3n-6 occurred, while quantities of arachidonic acid and n-3 fatty acids (except 18:3n-3) decreased compared to initial larvae. A consumption of endogenous HUFAs was evidenced despite effective incorporation of dietary fatty acids such as 18:2n-6, 18:1n-9 and 18:3n-3. Fatty acid profile of these larvae changed, according to dietary fatty acid influence, by turnover rather than by a raw incorporation of fatty acids. Larvae fed the n-3 HUFA diet depleted in arachidonic acid (D3) had a total fatty acid content lower than those fed with arachidonic acid (D2); compared to those fed D4, the elongation of 18:3n-6 to 20:3n-6 seemed to be repressed by dietary n-3 HUFA. Consumption of long-chain unsaturated fatty acid is a main conclusion of this study; a rate of loss around 1.1, 0.5 and 0.05 mg day−1 g−1 mean dry body weight of larvae for docosahexaenoic, eicosapentaenoic and arachidonic acid, respectively, may be estimated in larvae fed the HUFA free diet D4. No desaturation capacities of gilthead sea bream larvae were evidenced; however, some low capacities might be masked by the consumption of HUFAs.
Introduction
For gilthead sea bream larva, inert diets have been successfully used after a few days of feeding live prey (Yúfera et al., 2000) or in co-feeding with live prey (Koven et al., 2001 ).
Significant growth of gilthead sea bream larva has also been obtained by using compound or semi-purified diets as first food (Robin and Vincent, 2003) . Beside the development of practical diets useful for juvenile production (Cahu and Zambonino-Infante, 2001 ), the use of purified diets is extremely useful as a tool to study the nutritional requirements in larval stages. Such an approach was successfully used in the nutrition of larvae of some fresh water species (Radünz-Neto et al., 1994 , 1996 using casein-based micro-particulate diets.
Like most marine fish, gilthead sea bream was considered to have an absolute requirement for highly unsaturated fatty acids (HUFA) : eicosapentaenoic acid EPA (20:5n-3), docosahexaenoic acid DHA (22:6n-3) and arachidonic acid ARA (20:4n-6), being unable to produce these fatty acids from the precursors 18:3n-3 and 18:2n-6 (Sargent et al., 1995) . Such transformation of fatty acids imply the activity of specific enzymes : Δ6-and Δ5-desaturases (de Antueno et al., 2001 ) and elongases (Leonard et al., 2004) . As typical marine fish always find preformed HUFA in their natural preys, it was assumed that they have lost bioconversion capacities, while salmonids born in freshwater have maintained efficient fatty acid transformation capacities (Kanazawa, 1985) . In turbot, Ghioni et al. (1999) observed a limiting elongation capacity of C18 to C20 polyunsaturated fatty acids, but desaturation occurred. In fasted gilthead sea bream, desaturation capacities were evidenced by Mourente and Tocher (1994) . Recently, Seiliez et al. (2003) identified a Δ6-desaturase like gene in this species, in fish fed a HUFA-free diet, but not in fish fed a HUFA-rich diet. Even in salmonids a diet providing HUFA seems to repress desaturase expression (Ruyter and Thomassen, 1999 ).
The present study was designed in order to observe if polyunsaturated fatty acid transformation could be enhanced during first feeding by a HUFA free diet. Semi-purified diets were formulated on the basis of a previous one (Robin and Vincent, 2003) used as control (D1) , and three others modified in order to have a common basis and different lipid supplement. These experimental diets differed by the lipid sources added in order to compare a diet containing n-3 HUFA plus ARA (D2), a diet containing n-3 HUFA without ARA (D3) and a HUFA free diet (D4).
Material and methods

Experimental fish and diets:
A batch of newly hatched larvae of gilthead sea bream (Sparus aurata) was obtained from "Ferme marine du Douhet" (La Brée les Bains, France). Larvae were randomly distributed in 35 l cylindro-conical tanks (5800 larvae per tank by volumetric counting, controlled by individual counting of 3 extra tanks). A flow (0.7 l.min -1 ) of UV-treated, filtered (5µm) seawater (34-35 ‰) was applied to each tank with temperature maintained at 20°C.
Larvae were kept under darkness until mouth opening at day 3 post hatch, then light was progressively increased up to 450 lux. Then diets, with three replicates per treatment, were distributed at 2 g tank -1 day -1 continuously with automatic feeders. Excess food, deposited on tank bottom, was removed by daily siphoning. At the end of the experiment (day 17) larvae were kept unfed overnight. Samples of 30 larvae were preserved in 5% formalin and weighed, then the larvae were dried in an oven at 110°C during 24 h for dry weight measurement.
Remaining larvae were counted and samples of a known quantity (300) were stored at -80°C until analysis. Three samples of larvae on day 3 (before first feeding) and 2 samples of larvae starved until day 8 were also analysed by the same way.
Four diets were prepared using ingredients presented in Table 1 , and pelletized according to Fontagné et al. (2000) . Ingredients were finely ground below 100µm, and mixed before addition of oil and water. The moist blend was pelletized (3 mm diameter) using a meat grinder. Pellets were dried on air flux at 50°C during 20 min, ground and sieved in order to obtain 50-160 µm particles. Diet 1, used as control, was quite similar to the semi-purified diet used in Robin and Vincent (2003) but egg lecithin was used instead of soy lecithin. The other diets contained Spirulina instead of algamac and the quantities of other ingredients were calculated to obtain similar protein and lipid contents. Casein, casein hydrolysate and caseinate sodium salt were used as main protein source according to Carvalho et al. (1997) .
A high phospholipid quantity (Cahu et al., 2003) was provided either by egg lecithin (D1 and D2) or by soybean lecithin (D3 and D4). Cod liver oil was used in D1. A HUFA concentrate associated with olive oil was used for D2 and D3 in order to obtain DHA/EPA ratios superior to 2 (Rodriguez et al., 1998) . Ingredients used for D 4 were free of n-3 and n-6 HUFAs. 
Analysis
Proximate analyses of diets were made following standard methods : dry matter after desiccation in an oven (105°C for 24h), ash (incineration at 550°C for 12h), crude protein (Dumas, Nitrogen Analyser, Fison Instrument, N × 6.25), lipids were extracted and quantified according to Folch et al. (1957) . For lipid analyses of larvae, an internal standard (tricosanoic acid 23:0) was added on a sample of known quantity of larvae, then extraction was done according to Folch et al. (1957) . A part of each lipid sample (1 mg) was transmethylated according to Morrison and Smith (1964) for total fatty content, with 2ml of (1:1:1) methanol:toluene:10% BF 3 -methanol. The other part was used to separate polar lipid from neutral lipids according to Juaneda and Roquelin (1985) on sep-pack light cartridges (Waters transmethylation were heated at 550°C in an oven over night, before use. Fatty acid methyl esters were separated by gas chromatography as described previously in Regost et al. (2002) .
The FA contents per larva were quantified by reporting the area of peaks for each fatty acid to the area of the internal standard and dividing by the number of larvae analysed. A reference sample of cod liver oil transmethylated with the internal standard was regularly injected to control the regularity of the quantitative responses.
Statistical analysis:
Comparisons of effects of dietary treatments were performed by one way ANOVA.
Significant differences (P<0.05) between means were compared by the Newman-Keuls test.
Data on survival and fatty acid percentages were transformed by arcsinus of square root before applying ANOVA.
Results
The fatty acid composition of the diets (Table 2) corresponded to the expected experimental design. Diets 1 to 3 contained n-3 HUFA near 1.7% DM. D 3 was almost free of arachidonic acid (0.02% DM) whereas egg lecithin induced substantial arachidonic contents (0.26-0.25% DM) in D1 and D2, while D4 was free of n-3 and n-6 HUFAs. Diets were calculated in order to be isoproteic and isolipidic, however, as shown in Table 2 , that was not fully obtained. Observation of gut contents of larvae showed a good acceptance of all the particulate diets.
There was a sudden onset of mortality in one tank of treatment D1 and one tank of treatment D2 before the end of the experiment, related to high development of filamentous bacteria in these tanks, inducing oxygen depletion and overflow by clogging outlet filters. This incidence on final survival was considered as accidental as the larvae were apparently healthy and at high density before this event. If these tanks are removed a statistical difference in percent survival can be observed (Table 3) , a lower survival with treatment 4 can be evidenced, with a higher survival with D1 and D2 compared to D3 and D4. Diet 4 resulted in a lower final wet weight than other diets, and a lower dry weight, but in this case not significantly differing from D3. The total fatty acid content of larvae differed among treatments (Table 4) , lower values were observed in larvae fed D3 and D4 and the highest value in larvae fed D1. In spite of the insignificant increase in total fatty acid content in larvae fed D3 and D4, the fatty acid profiles were deeply modified compared to initial larvae as well as for larvae fed D1 and D2, in which the total fatty acid increase was significant. Lack of n-3 HUFA in diet D4 resulted in low amount of these fatty acids in the larvae. The DHA (22:6n-3) levels were similar among larvae from treatments D1, D2 and D3, and differences in EPA (20:5n-3) corresponded to different dietary levels. Egg lecithin provided arachidonic acid (20:4n-6) in diets D1 and D2
and induced higher arachidonic acid content in these larvae, than in other treatments. Presence of 18:3n-6 in diets D2, D3 and D4 (supplied by Spirulina) induced higher contents of this fatty acid in larvae fed these diets, compared to treatment D1. Low levels of 20:3n-6 were observed and the highest proportion was found in larvae fed diet 4 despite the lack of this fatty acid in this diet. The quantities of fatty acids per larvae (Table 5) , allows the absolute increase or decrease of each fatty acid in final larvae compared to initial larvae to be determined. In treatment D4, 20:3n-6 and 20:2 n-6 significantly increased compared to initial content while 20:4n-6, 20:5n-3 and 22:6n-3 decreased in larvae which did not received any of these fatty acids in the diet; major dietary fatty acids such as 18:1n-9 and 18:2n-6 were incorporated in high quantities into the larvae. Despite good amounts of 22:6n-3, 20:5n-3 and low amounts of 20:3n-6 and 20:4n-6 in diet D3, larvae fed on this diet did not show a significant increase in any of these fatty acids, although other major dietary fatty acids such as 18:2n-6, 18:1n9 and 18:3n-3 were clearly incorporated. Diet D3 contained also around 15% of 16:0, and only 3% of 18:0, while in the larvae 16:0 did not increase but 18:0 was higher than in the initial larvae. Larvae fed diets D1 and D2 exhibited significant increases in most fatty acids, including DHA, but other n-3 fatty acids including EPA did not differ from initial quantities.
The fatty acid profiles of polar lipids (Table 6 ) display the same dietary influences as in total lipids, with higher proportions of 22:6n-3, 20:4n-6, 16:0 and 18:0 than in total lipids, while 20:5n-3 was at similar levels in polar and total lipids for each treatment. Levels of ARA in polar lipids discriminates clearly D1 and D2 from D3 and D4 fed larvae and levels of DHA separates D1, D2 and D3 fed larvae from those fed D4. Values having the same superscript letter do not differ in a Newman-Keuls range test (P<0.05) * treatments omitted having unequal variances, the ANOVA was performed on remaining treatments. ** sum of n-3 intermediates of elongation-desaturation (18:4, 20:4, 20:5, 22:5 n-3) The diet D1 used as control in the present study gave results in larval rearing similar to a corresponding diet tested in a previous study (Robin and Vincent 2003) . However, this diet is not very useful as a semi-purified diet to study lipid requirements since one ingredient (Algamac, a Schizochytrium powder) is rich in DHA. Replacement of Algamac by Spirulina is a way to have a basal diet without highly unsaturated fatty acids and therefore more convenient for nutrition studies. Comparison of results obtained with diet D1 and D2 let to observe that this replacement had not no significant effect on larval growth or survival. As also observed by Robin and Vincent (2003) , diet D1 containing Algamac induced high lipid content into larvae (measured here as total fatty acid) compared to other treatments.
The effects of dietary long chain essential fatty acids can be observed by comparison of treatments D2, D3 and D4. As with most marine fish, gilthead seabream is considered to have an absolute requirement for n-3 highly unsaturated fatty acids like EPA and DHA (Rodriguez et al., 1998) . A reduction of growth and survival normally result from feeding marine fish larvae on a diet with low HUFA content. Such influences were observed here with the HUFA depleted diet D4. As demonstrated by Bessonart et al. (1999) , arachidonic acid is also required by this species. In the present experiment, the influence of low arachidonic content of diet D3, compared to diet D2, did not lead to a significant reduction in larval growth, however survival obtained with D3 was lower than with D2 (when accidental mortalities were not included). Low dietary arachidonic acid was supplied by diet 3, but the quantity of this fatty acid did not increase in the larvae, in fact there was a tendency to decrease (P<0.08) compared to initial quantity, despite a theoretical preferential incorporation of this fatty acid (Linares and Henderson, 1991) . Larvae fed on diet D3 can thus be considered as deficient in arachidonic acid. The lower total fatty acid contents, reflecting lower lipid stores, of larvae fed diet D3 (and diet D4) compared to D2, can also be considered as a sign of a lower nutritional status related to dietary arachidonic acid deficiency. As generally occurs (Linares and Henderson, 1991) , DHA and arachidonic acid were incorporated preferentially into polar lipids. EPA remained at similar proportion in polar lipids than in total lipids, with differences between treatments corresponding to diet content.
Although the growth of larvae fed diets D3 and D4 was indeed occurring, there was no significant increase in total fatty acids per larvae compared to the initial group, just before feeding. However the fatty acid profiles of these larvae were highly affected by dietary fatty acid profiles, as well as for larvae fed diets D1 and D2. Differences in total lipid content between larvae did not seem to affect the response in their fatty acid profile to dietary fatty acid pattern. For instance, with diets D1, D2 and D3 providing the same DHA level, the results in larval DHA level in total lipids as well as in polar lipids did not differ between these treatments, while corresponding values were 50% lower in larvae fed diet D4. As a result of dietary fatty acid influences, despite insignificant total fatty acid (FA) increase in larvae fed diet D3 and D4 versus initial larvae, significant changes occurred in quantities of individual fatty acid per larvae. In case of treatment D3, the mean increase of 18:2n-6 plus 18:1n-9 plus 18:3n-3 represented 1.1µg.larvae -1 while the total FA increase was 0.9µg.larvae -1 . For treatment D4, the mean increase of the same FAs represented 2.1µg.larvae -1 while the total FA increase was only 0.9µg.larvae -1 due to the decrease of other fatty acids, mainly n-3
HUFA. This suggest that a turn-over of fatty acid occured in larvae during the experiment, with consumption of endogenous lipids being replaced by incorporation of dietary fatty acids.
The use of Spirulina in the basal diet supplied some 18:3n-6 : the Δ6 desaturation product of 18:2n-6. The presence of 18:3n-6 is useful to check if elongation into 20:3n-6 and Δ5 desaturation into 20:4n-6 occurs. The requirement for highly unsaturated fatty acid of marine fish species was interpreted as an inability to produce these fatty acids from the respective precursors, 18:3n-3 and 18:2n-6. This question is now revised. By injecting labelled n-3 precursors, Mourente and Tocher (1994) have demonstrated there was Δ6 and Δ5-desaturase activities in starved gilthead seabream juvenile. Seiliez et al. (2003) identified a Δ6-desaturase in gilthead seabream fed on a HUFA-free diet, the fatty acid profile of so fed fish was characterized by high levels of 18:2n-9 (Δ6-desaturation product of dietary 18:1n-9) and some 20:2n-9 the elongation product of the former, these products as well as desaturase mRNA
were not observed in control fish fed with a diet containing n-3 HUFA. As it was also shown in salmonids (Ruyter and Tomassen, 1999; Seiliez et al. 2001) , dietary HUFA may repress desaturase expression. In the present study larvae fed diet D4 did not show any accumulation of n-3 fatty acids other than 18:3n-3, and the quantities of EPA and DHA decreased in comparison with initial larvae, then no desaturation products appeared. In the n-6 series the diet D4 provided 18:3n-6 which increased in fish as well as its elongation product 20:3n-6, however the total quantity of arachidonic acid (20:4n-6) decreased compared to initial larvae, indicating that elongation of 18:3n-6 to 20:3n-6 occurs, but no sign of Δ5-desaturation is observed. Tocher and Ghioni (1999) already mentioned a low Δ5-desaturation capacity in this species. 20:2n-6, the product of elongation of 18:2n-6 also increased, but this fatty acid cannot be used for further transformation. Comparison of 20:3n-6 quantities in larvae fed D3 and D4 may also suggest an inhibition of elongation from 18:3n-6 when larvae were fed D3 with high level of n-3 HUFA. However with such methodology, we cannot reject the hypothesis that some desaturation occurred at low rates but was masked by a higher loss of long chain fatty acids than the desaturation-elongation pathway might produce. This finding may be supported by the observation of the sum of n-3 intermediate fatty acids (18:4, 20:4, 20:5, 22:5) , endogenous in larvae fed diet 4, which decreased at higher rate than 22:6n-3 and could have been used to produce 22:6n-3, partly compensating its consumption. In the other treatments, the same intermediate fatty acids did not increase despite dietary inputs, mainly in EPA (20:5n-3), which might be used to form 22:6n-3. Mourente and Tocher (1994) evidenced transformation of labelled 20:5n-3 to 22:6n-3 in juvenile gilthead seabream.
This consumption of long chain unsaturated fatty acid is a major conclusion of this study.
From the evolution of fatty acids of larvae fed diet D4, we may estimate a rate of loss around 1.1, 0.5 and 0.05 mg.day -1 .g -1 mean dry body weight of larvae for DHA, EPA and arachidonic acid, respectively. These losses seem relatively high but may even be underestimated in the hypothesis of a partial compensation by a low desaturation capacity. In contrast, these losses might be enhanced by physiological perturbation in fish under nutritional deficiency. Koven et al. (1989) observed a decrease of DHA in dry weight basis in larvae fed Isochrysis-enriched rotifers, however this decrease was relative to growth and dry weight increase. In the present study, the methodology used allows us to observe that it corresponded to a net loss. Losses of these fatty acids were already observed in larvae during fasting (Koven et al., 1989; Tandler et al., 1989: Mourente and Odriozola, 1990; Rønnestad et al., 1994) but in such case these decreases could be attributed to energy demand. In the present study, larvae fed D4 did not suffer from an energy deficiency since they were able to accumulate non essential fatty acids (18:0, 18:1n-9) or PUFA (18:2n-6, 18:3n-3). Starved larvae in the present experiment had a relative decrease in DHA and EPA per day about twice as higher than in larvae fed HUFA depleted diet D4. The low increase of n-3 HUFA compared to other major dietary fatty acids, observed in larvae fed on the diet D3, could be explained by such consumption of endogenous n-3 HUFA occurring at the same time than incorporation of dietary n-3 HUFA. Such turnover may explain also the low relative incorporation of n-3 fatty acids mentioned by Robin and Vincent (2003) in larvae of this species.
